Introduction {#s1}
============

Everolimus is an orally administered inhibitor of the mammalian target of rapamycin (mTOR) and has been approved for the treatment of metastatic renal cell carcinoma (RCC).^[@B1])^ No reports have described everolimusassociated elevations in tumor markers such as carcinoembryonic antigen (CEA). We herein report a patient who developed an elevated serum CEA concentration caused by everolimus-induced lung injury during the postoperative follow-up period after treatment of metastatic RCC and primary adenocarcinoma of the lung.

Case Report {#s2}
===========

A 66-year-old woman was referred to our affiliated hospital because of macrohematuria. Abdominal computed tomography (CT) revealed a right renal tumor, and she underwent right nephrectomy. Histologic examination of the resected specimen showed RCC. Two years after the right nephrectomy, chest CT revealed multiple pulmonary nodules: one 10-mm lobulated nodule in the right middle lobe, one 5-mm round nodule in the right lower lobe, and two round nodules in the left upper lobe (diameters of 4 and 5 mm, respectively). For diagnosis and therapy, she underwent wedge resection of the two nodules in the right lung. Histologic examination of each resected specimen revealed primary adenocarcinoma of the right middle lobe and metastatic RCC of the right lower lobe. The remaining two nodules in the left lung were both round shaped, which were similar to the nodule diagnosed as metastatic RCC in the right lower lobe. Therefore, they were suspected to be metastatic RCC, and she began treatment with oral sorafenib after the right pulmonary surgery. Two years after beginning oral sorafenib, chest CT revealed slight enlargement of the left pulmonary nodules. Therefore, she discontinued the oral sorafenib and began oral everolimus. Laboratory examination showed a serum CEA concentration of 5.1 ng/mL. Two and four months after beginning the oral everolimus, the serum CEA concentration gradually increased to 12.2 and 25.7 ng/mL, respectively (**[Fig. 1](#F1){ref-type="fig"}**). The concentrations of all other serum tumor markers, including carbohydrate antigen 19-9, cytokeratin 19 fragment, sialyl Lewis^X^, s-pancreas-1 antigen, and duke pancreatic monoclonal antigen type 2, were within their reference ranges. The white blood cell count was 5300/mm^3^, and the serum C-reactive protein concentration was slightly elevated at 1.71 mg/dL. Chest CT revealed ground-glass opacities (GGO) in the lower lobes of the bilateral lungs (**[Fig. 2](#F2){ref-type="fig"}**). Chest and abdominal CT, brain magnetic resonance imaging, positronemission tomography, gastrointestinal endoscopy, and colonoscopy revealed neither recurrent lesions nor other malignant tumors. Although neither bronchoscopic nor histologic examination was performed, everolimusinduced lung injury was suspected. She had a dry cough classified as a grade 2 adverse event according to the Common Terminology Criteria for Adverse Events, version 4.0. Therefore, she discontinued the oral everolimus 4 months after beginning the everolimus. One and two months after discontinuing the oral everolimus, her serum CEA concentration gradually decreased to 14.6 and 5.9 ng/mL, respectively (**[Fig. 1](#F1){ref-type="fig"}**). Chest CT showed disappearance of the GGO.
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Discussion {#s3}
==========

Activation of the phosphatidylinositol 3-kinase/Akt/mTOR pathway has been detected in a wide range of cancers, including RCC.^[@B2])^ Everolimus is an orally administered inhibitor of mTOR, which is a component of an intracellular signaling pathway that regulates cellular metabolism, growth, proliferation, and angiogenesis.^[@B1])^ Everolimus has antiangiogenic properties and induces decreased levels of proangiogenic proteins (plateletderived growth factor AB and insulin growth factorbinding protein 2) and increased levels of antiangiogenic proteins (angiostatin, pentraxine 3, and platelet factor 4).^[@B3])^ The most common side effects of everolimus are stomatitis, rash, fatigue or asthenia, and diarrhea. With respect to laboratory abnormalities, hypercholesterolemia, hyperglycemia, lymphopenia, and hypophosphatemia were significantly more frequent in the everolimus than placebo group in a randomized phase III study.^[@B1])^ No reports have described elevated tumor markers such as CEA associated with everolimus. CEA can reportedly affect proangiogenic endothelial cell behavior and induce tumor angiogenesis,^[@B4])^ and an elevated serum CEA concentration is incompatible with the antiangiogenic properties of everolimus. Thus, it cannot be assumed that everolimus directly elevates the serum CEA concentration.

CEA is the most widely used tumor marker in patients with non-small-cell lung cancer.^[@B5])^ One study of patients who had undergone complete resection of non-small-cell lung cancer showed that measuring the serum CEA concentration during the follow-up period is useful for predicting postoperative recurrence and prognosis.^[@B6])^ In our patient, the serum CEA concentration was measured following pulmonary resection of primary lung cancer, and an elevated serum CEA concentration was revealed 2 months after beginning oral administration of everolimus. Whole-body examinations were performed to rule out lung cancer recurrence, and neither recurrent lesions nor other malignant tumors were found. Because everolimus-induced lung injury was suspected, the patient discontinued the oral everolimus. Two months later, the serum CEA concentration had decreased to almost within the reference range, and the GGO had disappeared on chest CT. With the exception of pulmonary inflammation, no other causes of the elevated serum CEA concentration, such as smoking, other benign diseases, or other drugs, were found. An elevated serum CEA level has been reported to occur in association with various benign lung diseases, such as interstitial pneumonia.^[@B7])^ Noninfectious pneumonitis has been reported as an adverse event associated with everolimus administration in 8%--12% of patients.^[@B1],[@B8])^ In a retrospective radiographic study involving chest CT, 132 of 245 patients (53.9%) receiving everolimus reportedly showed new or worsening radiographic changes of pneumonitis.^[@B9])^ Therefore, in the present case, we believe that everolimus caused noninfectious pneumonitis, which led to the elevated serum CEA concentration. Although few reports have described an elevated serum CEA concentration caused by drug-induced lung injury,^[@B10],[@B11])^ our case suggests that drug-induced pneumonitis elevates the serum CEA concentration by the same mechanism as in previously reported benign lung diseases, such as interstitial pneumonia. The serum CEA concentration is rarely measured during the follow-up period of RCC. We believe that the elevated serum CEA concentration caused by everolimus-induced lung injury may not be rare, if it is examined in all the patients with everolimus.

Conclusion {#s4}
==========

We encountered a patient who developed an elevated serum CEA concentration caused by everolimus-induced lung injury. Importantly, the serum CEA concentration may become elevated due to drug-induced lung injury as shown by measurement of this parameter during the follow-up period of many cancers.
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